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FOREWORD 

Planning for Excellence in High School Science is a re- 
port from the National Science Teachers Association which 
expresses the beliefs and hopes of the Association as it aims 
to assist teachers in analyzing and projecting for science edu- 
cation at the secondary school level. It is heartening to wit- 
ness current, critical re-examinations of the scientific and 
educational enterprises. All science teachers have the respon- 
sibility to re-examine their own field of endeavor just as 
critically and to take appropriate action. 

Through the encouragement and support of the National 
Science Foundation, NSXA was enabled to bring together 
fifty specialists in education, science, and science teaching for 
a work conference at Washington, D. C. in November 1959. 
The goal was to develop guidance for the reshaping of science 
courses and curricula and to study ways which might assure 
that classrooms will have suitable personnel, facilities, and. 
materials for use in future programs. 

The initial conference was followed by extensive consul ta- 
tion among the conferees and with members of the Confer- 
ence Executive Committee. From these exchanges and “con- 
ferences by mail” emerged the final report. The extent to 
which the conference and follow-up procedures succeeded 
can best be determined by you, the reader. 

Appreciation is expressed to the Conference Executive 
Committee and to the conference participants for their ef- 
forts, and particularly to the chairman, Robert Stollberg, and 
to Theodore Benjamin who together were responsible for the 
final collation and editing of the report. 



National Science Teachers Association 
Donald G. Decker, President 
Robert FI. Carleton, Executive Secretary 
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INTRODUCTION 

Historically, the educational system of our country has 
been designed to serve societal and national needs through 
maximum development of the potential o£ each and every 
individual child and youth. As the needs of society change, 
new goals must be established and the appropriate action 
taken. The educational system must also re-examine its goals 
and make the changes necessary to keep them valid in terms 
of new cultures and contemporary thought. 

Cognizant of the responsibility placed on the educational 
enterprise and in recognition of the demands from society 
for solutions of problems within this framework, the National 
Science leachers Association received support from the Na- • 
tional Science Foundation to conduct a conference to evalu- 
ate and assess current needs in secondary school science pro- 
grams. This four-day conference was held in November 1959 
and was attended by some fifty science teachers, research sci- 
entists, science educators, and administrators. This report: is 
the result of the deliberations of that group. 

In setting a frame of reference for the conference, the par- 
ticipants were reminded that the science teacher is actively 
involved in two distinct enterprises, i.e., the enterprise of 
science and the enterprise of education. Moreover, teachers 
practice this dual-directed profession in a dynamic society. 

At present, society is becoming concerned by the increas- 
ingly dominant influence that the scientific enterprise is 
having upon it. Furthermore, many people and many differ- 
ent kinds of people — military leaders, scientists, journalists, 
as well as research scientists— are questioning whether our 
culture is ready for the type of life that our exploding scien- 
tific enterprise can provide. 



Readying the citizenry for life in our society is the func- 
tion of the educational enterprise. Within the last decade, the 
educational enterprise has come under close scrutiny in terms 
of its adequacy to prepare scientifically literate citizens. The 
question has been repeatedly asked whether science is being 
properly taught in our schools. 

When approached from an analysis of the nature of the edu- 
cational and scientific enterprises, past science teaching has 
been primarily concerned with teaching what scientists know 
(the product), but has failed to yield proper understanding 
of the ways in which scientists obtain this knowledge (the 
process). The latter is extremely important, not only for the 
training of future scientists, but also for the production of a 
scientifically literate citizenry capable of applying broadly the 
modes of scientific thought and sympathetic to the scientific 
endeavor. Consequently, there is a need for a re-examination 
of the aims, content, and methodology which form the larger 
part of the complex that is science education. 

This report is a beginning in that direction. By no means 
has it rendered an exhaustive enumeration and treatment of 
the problems and potential involved. It attempts, however, to 
give teachers, supervisors, and administrators a working direc- 
tive and to indicate some of the issues and possible guidelines 
for action that arise as a result of this approach. 

The ultimate design of the science teaching program that 
will emerge lies in the hands of properly trained and compe- 
tent teachers and supervisors, aided by sympathetic adminis- 
trators who provide the atmosphere, facilities, and time 
through which the student may obtain a feeling for the ex- 
citement, satisfactions, and values inherent in the pursuit of 
scientific knowledge. 
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I 

THE NATURE OF THE 
EDUCATIONAL ENTERPRISE 



Education Defined 

Every exjDerience to which an individual is exposed makes 
him different from what he was. It changes his behavior. In 
a very real sense it educates him. Such education may be 
conscious or unconscious, temporary or permanent, desirable 
or undesirable. It may pertain to the intellect, to bodily skills, 
to emotions, or to attitudes. In this sense, the totality of every 
man’s experience is his education. 

For the purposes of this report, however, it is useful to con- 
fine attention to the formal, deliberate, planned program of 
experiences sometimes called schooling. This departure side- 
steps the potent educational influences of mass media, of re- 
ligious experience, and of play and entertainment activities, 
among others; rather, it focuses attention on that deliberate 
and indispensable aspect of any society which attempts to pre- 
pare young people for their place in the culture. Since the 
nature of this societal operation depends on the nature of the 
culture which- it serves, any considerations proposed must be 
specific as to time and place. 

The American educational enterprise, as we know it today, 
contains many elements by which it may be characterized and 
identified. As an integral function of American society, it is 
directly or indirectly controlled by that society. American 
education serves society and, in particular, does much to mold 
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the next generation. To the extent that American society is 
democratic and is in a state of dynamic change, so is the 
American educational enterprise. 

Because American democracy is predicated on the dignity 
of the individual human being, the enterprise strives to pro- 
mote this dignity and to enrich human living. It further 
strives to inculcate worthy moral and ethical standards in 
young people and to develop individuals who will live re- 
sponsible and fruitful lives within the framework of Ameri- 
can culture. At the same time, it promotes the value foun- 
dations of American culture which permit and encourage 
responsible living. 

Purposes of Education 

There are numerous approaches to an analysis of the pur- 
poses of the American educational enterprise. From the seven 
Cardinal Principles of Education” through and beyond com- 
prehensive statements by such groups as the Educational Pol- 
icies Commission, dedicated and thoughtful persons have 
sought to formulate statements of the objectives of education. 
Individuals and groups — some from within and some from 
without the ranks of professional educators — have formulated 
these statements which vary widely in approach and format, 
length and detail, and sometimes in underlying philosophy. 
Significantly, however, many of them refer to such goals as 
responsible citizenship, competent consumership, and effec- 
tive relations with other persons and with the community. 
Many place strong emphasis on the optimum development of 
the individual. With few exceptions, these statements focus 
attention on the development of effective thinking, the ability 
to make value judgments, and general intellectual resource- 
fulness. Sometimes the development of the mind is seen as an 
essential ingredient of other objectives; sometimes it is repre- 
sented as a dominant objective in its own right. 

In working toward any of these achievements, American 
educators assume that young people are educable in the same 
related dimensions and that desirable behavior patterns can 
be fostered. To develop them, the educational enterprise 
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seeks to provide experiences through which youth can ac- 
quire the patterns of knowledge, the skills, and the attitudes 
which lead to the desired behavior. It is important to recog- 
nize that the patterns of behavior are objectives of education. 
The requisite knowledge, skills, and attitudes are not only 
objectives in their own right, but are also means toward the 
ultimate end of responsible, satisfying behavior. 

Thus the purposes of the American educational enterprise are 
to provide experiences through which young people can acquire 
the knowledge, the skills, and the attitudes that in themselves 
have value, and thus lead to patterns of human behavior which 
are desirable within the framework of American society. 

The Learning Process 

The character of the educational enterprise is derived from 
the nature of today’s American culture and from the nature 
of the learning process. What is known and \yhat can yet be 
learned about the way the human mind operates and the way 
the human organism learns can have a profound effect on the 
enterprise. Thus, modern education draws heavily on human 
experience in general, and in particular, on the youthful but 
growing science of the psychology of learning. 

One of the most important lessons of educational psychol- 
ogy is that behavior can be modified; that is, behavior is 
learned. In addition, the more subtle traits known as atti- 
tudes and emotions are also “learned” traits. Recognizing 
that physical and intellectual capacities— and sometimes pre- 
dispositions — are inherited, modern psychology emphasizes 
the role of the environment, controlled and otherwise, in 
shaping the behavior patterns of the human organism. Not 
only does this place a severe responsibility on the educational 
environment, but it also establishes a tremendous potential 
for the effectiveness of the total educational enterprise. 

Research in psychology has clearly shown that physical, 
emotional, and intellectual involvement in the learning proc- 
ess enhances its effectiveness. Granting that people can learn 
vicariously, it is increasingly clear that as a learning expe- 
rience observation is inferior to more intense participation 
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on the part of; the learner. Thus, it appears that active partici- 
pation in the learning process is of particular importance with 
young children and with students of average and below aver- 
age intelligence. Evidence shows also that learning for all 
people is enhanced to the extent that the learner considers 
the task important and/or interesting. 

Educational psychology has demonstrated a wide variety 
in the makeup of individual learners. The desires, readiness, 
and potential for learning vary widely from person to person 
and from time to time. While there may be group learning 
experiences, learning is primarily an individual activity. The 
educational system, then, studies these individual differences 
because planned learning experiences, to be effective, must 
consider them. 

Many variations are found also in school systems and in 
teachers. Some of these may be attributed to differences in 
community, student body, resources, or teaching procedures. 

Education in Action 

1 he educational enterprise — along with the process and 
the product— is firmly rooted in the nature of American so- 
ciety and in the nature of the learning process. Among the 
outstanding determinants of education in action are these: 

The structure of a democratic society demands that citi- 
zens be responsible , competent , , and ethical Hence, all citi- 
zens are required to have an education. Accordingly, all 
youth capable of profiting from an education are required 
to undergo a minimum pattern of learning experiences. It is 
considered also that there is less expense and more pleasure 
in educating youth than in supporting, supervising, and re- 
forming uneducated persons. Because the education of youth 
benefits all of society, the cost is spread over a wide tax base. 
As a result, a minimum education is not only required of all 

youth, but is largely free of direct cost to individual learners 
or their families. 

The educational enterprise has the potential for tremen- 
dous effects on all of society — it creates a climate for in- 
fluencing or controlling the population , for better or for 
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worse. Partly to prevent any single group from seizing com- 
mand of the nation, the control of the educational enter- 
prise in America has been thoroughly decentralized. Consti- 
tutionally, education is the responsibility of the several states. 
In many states this control of education is exercised chiefly 
through such means as legislation for minimum standards 
and attendance, certification of teachers, equalization of state- 
provided funds, and general advisory functions. In typical 
American communities the establishment of basic policies is 
largely up to elected or appointed local lay boards of educa- 
tion, operating through their designated professional admin- 
istrators. Ideally the administrators carry out broad policies 
and, at the same time, provide professional educational lead- 
ership for the lay board. But ultimate control resides with 
the board of education, and through it with the citizens whom 
its members represent. 

The educational enterprise provides a controlled environ- 
ment for education. For a fraction of each day during most of 
the early years of a person, the enterprise involves youth in 
a specific place under the guidance of specially prepared 
teachers. This controlled environment— the “school” — 
usually differs markedly from the total remaining environ- 
ment or experience in the life of youth. The enterprise 
has a planned and continuous program for children and ado- 
lescents. There is a detailed sequence of learning activities 
which typically last from early childhood to late adolescence, 
and often far beyond. Although the enterprise per se differs 
markedly from other educational activities, such as television, 
summer camping, and adult education, it does seek coopera- 
tion with other related forces of behavior change. 

Recognizing and respecting wide differences among indi- 
vidual learners, the American educational enterprise employs 
many techniques for identifying and providing suitable pro- 
grams for each. Diverse patterns of grouping are in use, and 
programs of counseling and guidance are essentially standard 
parts of a modern school system. Various curricula permit 
different degrees of elective choice in learning. Many sys- 
tems have well-developed programs of special education for 
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the handicapped, for the student with unusual objectives, for 
the gifted, as well as for the slow learner. In view of the di- 
versity of educational control and the differences among stu- 
dents and among teachers, a variety of educational patterns 
throughout the nation is inevitable. 

As the process of learning becomes a more mature area of 
specialty , the results of instruction are being treated quanti- 
tatively luith ever-increasing effectiveness. Intellectual ability 
and achievement are well within the scope of measurement, 
as is the learner’s acquisition of skills and attitudes. Although 
typical educational measurements have more validity for 
groups than for individuals, progress is being made toward 
quantification of the results of learning. To the much less 
tangible question, “How well is the educational enterprise 
serving society,” valid answers are much more difficult to 
find. Most attempts to measure the product of the educational 
process against its avowed purposes are highly subjective — 
and needless to say, the variety of results of such evaluations 
is fantastic. The predicament in itself contributes one of the 
outstanding characteristics of education in action. The Ameri- 
can public is not positive as to how effective the educational 
enterprise is, or whether and how it should be restructured. 
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II 

THE NATURE OF THE 
SCIENTIFIC ENTERPRISE 



Science Defined 

Existing in our culture is a distinctive area of human knowl- 
edge which some people believe is synonymous with science. 
This knowledge is largely related to the physical and biologi- 
cal phenomena of the universe. It constitutes a complicated 
structure of fact and theory, principle and hypothesis, law, 
generalization, and conceptual scheme. Much of the knowl- 
edge is too voluminous and detailed to be remembered; when 
needed it is culled from books, tables — even computers. 
People who define science as this body of knowledge often 
think of scientists as those whose special background has en- 
abled them to possess and understand much of this knowledge. 

Common though this percept of science is, it is a limited 
one indeed. While there is truth in this definition, it falls so 
far short of the total truth as to be dangerously misleading 
to citizens in general and to educators in particular. 

The description above is a somewhat superficial statement 
of the content of science, or to use another term its subject 
matter. Except for the fact that this storehouse of knowledge 
acquires constant additions and modifications and that peo- - 
pie use this knowledge, the content or subject-matter percept 
of science is a static one. For a more useful interpretation of 
science, one must turn to the human activity involved. 

14 
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Science may be thought of as an ongoing process through 
which man strives to explain natural phenomena. Man ob- 
serves all manner of physical and biological situations, meas- 
ures and classifies them, seeks to relate them to other phe- 
nomena. He attempts to formulate simple explanations for 
what he perceives; he seeks to contrive a set of rational postu- 
lates consistent with his array of empirical observations. Ra- 
tional explanations are acceptable and satisfying if they are 
in accord with observations and if they predict new observa- 
tions which are consistent with existing knowledge. This per- 
cept of science is far from a static one; indeed, it places sci- 
ence in the position of being permanently open-ended. Far 
from accepting science as content alone, this interpretation 
represents science also as an activity of mankind. 

In a very real sense, these two descriptions of science are 
not simply antithetical; they represent one enterprise seen 
from two different perspectives. For science can be thought 
of as activity and as content, as process and as product. In- 
deed, these two are inseparable and interdependent. The 
product owes its existence to the process; on the other hand, 
the process is impossible and also pointless without the prod- 
uct, the knowledge of science. 

Science, then, is a human enterprise including the ongoing 
process of seeking explanations and understanding of the natural 
world, and also including that which the process produces — man’s 
storehouse of knowledge. Science is process and product. 

Science as Product 

Regrettably, the product of science is often confused with 
material achievements — miracle drugs and synthetic fibers — 
increased farm production and abundantly available power — 
color television and space travel, that is, science is often con- 
fused with technology. There is no doubt that science and 
technology are related, although they have not always been 
so, and they arc both deeply rooted in the culture of today. 
But science is an intellectual quest for explanations and un- 
derstanding of natural phenomena, and technology is a prac- 
tical effort to use and control natural phenomena. Modern 
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technology is thus extremely dependent on science, and much 
of modern science is properly directed at improved tech- 
nology. The confusion of the product of technology with the 
product of science does an injustice to both. 

Strictly speaking, the product of the scientific enterprise is 
knowledge, a dynamic herbage accumulated on printed pages 
and in human minds. It ranges from innumerable specific 
data to the broad conceptual schemes of man’s most sophisti- 
cated thinking. 

Science as Process 

The process of scientific inquiry involves many kinds of 
activities. Observation and measurement are included, of 
course; so are codification and interpretation of data. Hy- 
potheses must be developed, experimental procedures to check 
them designed, and assumptions must be identified and stated. 
The scientific process sometimes requires the development 
of a meaningful conceptual model, of a functional mathe- 
matical expression, or of a precise laboratory instrument. It 
involves communication of ideas to others engaged in the 
scientific enterprise. Communication must also exist between 
teacher and learner, whether it be from master-scholar to 
student, or from writer-publisher to the reading public. 

Analysts of the scientific process do not always agree on its 
anatomy. There are those who hold that there is “a scientific 
method” more or less expressable as a series of specific opera- 
tions. It is contended that these steps with appropriate modi- 
fications are followed by any and all persons involved in sci- 
entific activity. An increasing number of scholars, however, 
appear to regard the scientific process as a different kind of 
procedure. These analysts point to the tremendous spread in 
patterns of operation among the great scientists of history. 
They refer to Copernicus and to Lavoisier, who clung to their 
rational postulates — ideas which are assumed “correct” in the 
modern view— -in spite of overwhelming evidence to the con- 
trary. They refer to Gilbert and Tycho Brahe, who conscien- 
tiously used valid empirical observations in an attempt to de- 
velop “invalid” postulates. They even refer to Galileo, who 
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sometimes displayed a haughty disdain for experimentation. 
These analysts suggest that factors such as stubbornness, in- 
tuition, and chance have had a great deal to do with major 
breakthroughs in science. 

The often alleged fact that the activity of science takes place 
in the field and laboratory is only partially true. The process 
of science takes place mostly in the human mind. Of course 
the processes of science involve a multitude of skills and also 
involve a pattern of attitudes such as open-mindedness, 
thoroughness, and intellectual integrity. Except for its ad- 
herence to truth, science is amoral. Value judgments reside in 
individuals. In seeking explanations of phenomena, science 
is surely a distinctively creative process. Somewhere along the 
bridge which links science with philosophy, man also seeks 
to interpret his own place in the universe of time and space, 
to develop a satisfying philosophy of life, satisfying because it 
is consistent with the universe as man observes it. 

A scientist is a person who participates in the scientific proc- 
ess , that is, he seeks to extend man’s understanding of natural 
phenomena. He may labor in laboratories or libraries or in the 
field; he may work with test tubes or telescopes, paper or 
people. To the degree that he seeks to extend man’s knowl- 
edge about the natural world, he is engaged in the creative 
scientific process,, This creativity is somewhat akin to that of 
the painter and the writer and the explorer, except that the 
scientist’s creativity is less in the dimensions of expression of 
ideas or extension of maps and more in the dimension of 
explanation of natural phenomena. 

Those involved in the scientific enterprise are not in- 
herently different from the rest of mankind. Their back- 
grounds are specialized along different lines; they have de- 
veloped skill in and enjoy the activity of intellectual inquiry 
and often the activities of observation and experiment. But 
in general, those involved in science are neither more nor less 
intelligent, dependable, religious, or worthwhile than active 
people in other walks of life. There is no stereotype of a scien- 
tist ; he is a human being, with all the firmness and the frailty 
connoted by that term. 
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Science and People 

Science is a human enterprise. It directly involves multi- 
tudes c£ extremely worthwhile people, from mathematical 
scientist through physicist, the engineer, the teacher, and the 
writer, to name a few. But no less directly are all people in- 
volved in^sdence. They eat, travel in, and communicate 
through the products of science (and technology). Their 
judgments and beliefs are conditioned by what they learn of 
science and the scientific process. There is scarcely an issue, 
whether it be a jooli tical, social, or economic one, that does not 
in some way involve science. 

The behavior of people is marked by the process of science. 
It inf uences the extent to which they are self-directing and 
self-reliant, and the extent to which they seek and arrive at 
rational decisions to issues and effective solutions to problems. 
This science-influenced behavior applies to society and also 
to individuals. While not necessarily being creative in the 
more profound sense, all individuals can profit by using the 
methods and attitudes of science in finding needed informa- 
tion and in seeking solutions to life’s multitude of problems. 
In this sense, every man could be his own scientist, his own 
problem-solver. He could use the process and the product 
of the scientific enterprise to be a more competent individual 
and a more responsible citizen, to live life more abundantly, 
and to understand better his own place in time and in space, 
in life, and in thought. 

A scientifically literate citizen is essential to safeguard the na- 
tional security, to assure advances in basic science, and to main- 
tain our standard of living. Because of the place of science in the 
culture of our times and its impact on the personal lives of people, 
it becomes imperative that science have a prominent place in the 
educational enterprise at every level of teaching. 

Modes of Scientific Thought 

The product of science and its application in technology 
has been the major, and sometimes the exclusive concern 
of secondary school science. What is taught of the process is 
referred to variously as “the method of science,” “problem 
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solving,” “reflective thinking,” etc. In general, these terms 
refer to some aspect of the process of science, an aspect which 
is alleged to be characteristic of, sometimes peculiar to, prac- 
ticing scientists. In many discussions, student growth in this 
aspect of science is considered to be an important objective of 
science teaching; in some it is held to be the most important of 
all objectives. 

Since many terms tend to become limited and stereotyped 
through usage, it is sometimes fruitful to abandon such terms 
and in their stead, suggest a new term which stimulates more 
imaginative thinking. In place of the terms above, let us 
apply the term “modes of scientific thought” to this im- 
portant objective of science teaching. The selection of this 
term evolves from the following convictions. 

Generally, patterns of thinking or modes of thought which 
are characteristic of, although not exclusive with, science and 
scientists are evident. 

Although there are several patterns or modes of scientific 
thought, there does not appear to be a fixed “scientific 
method,” sometimes described as a series of specific steps. 
Different scientists attacking different problems use various 
patterns; sometimes there seems to be a distinct lack of pat- 
tern. Yet, there are characteristic modes of thought which are 
used by many persons engaged in the sqientific enterprise. 

These modes of scientific thought so common in the proc- 
ess of science are useful to thinking persons in all walks of 
life. Often they are of great value in thinking about problems 
which have no apparent relation to the product of science. 

These modes of scientific thought can be learned; and the 
extent to which students practice scientific modes of thought is 
capable of educational evaluation. Although some progress 
has been made along the lines of instruction and evaluation in 
modes of scientific thought, the work yet to be done is very 
great, and it is very important. 

Much of the difficulty and the effort in science education in sec- 
ondary schools today is centered around such problem areas as the 
identification of scientific modes of thought and problems related 
to instruction and evaluation of scientific thinking. It is around 
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these two clusters of issues that we must now address ourselves 
if we are to identify the behavioral elements which make our 
goals and enable us to ascertain the degree of achievement. 

Identification of Modes of Scientific Thought 

If there are modes of thought which are characteristic of 
the scientific enterprise, and if secondary school science pro- 
grams are to undertake to help students grow in these modes 
of thought, then it is essential that they be carefully identified. 
Analysts of scientists’ procedures find considerable variety in 
the thought patterns which biologists, chemists, anthropolo- 
gists, oceanographers, and other scientists use. Variations and 
special designs depend on the nature of their work, as well 
as on the backgrounds of the scientists. However, there are 
certain modes of thought which seem to be used by many 
scientists. The major ones of these are listed below. These 
are in no particular order, and specifically, they do not con- 
stitute ‘‘steps in a scientific method.” 

Wanting explanations for phenomena and being predis- 
posed to be “bothered” by inconsistencies. This is a funda- 
mental and primary characteristic of the ‘‘scientific” mind and 
one that leads the scientist to seek further knowledge through 
books, journals, laboratory investigations, field investigations, 
or personal communications with other observers. 

Observing with discrimination. ‘‘Observing” is here used 
in a generic sense to include the use of other senses, the use of 
instruments that extend or translate sense impressions, and 
even the invention and improvement of such instruments. 
Moreover, it includes the judgment of what is relevant to ob- 
serve and what is irrelevant; it includes also an awareness of 
the limitations of one’s ability to obtain that which one ex- 
pects as a result of observing. 

Classifying observations and other information. This mode 
of scientific thought is closely related to the previous one. 
Scientists are predisposed to become aware of similarities 
and differences. The juxtaposition of similar phenomena is 
often the germ of an explanatory idea or the spark of a new 
challenge for investigation. Good examples of this are the 
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evolving classification that eventuated in the Periodic Table 
of Chemical Elements, and the many branches of biological 
science which were meaningfully integrated to make up bio- 
logical systems of taxonomy. 

Putting observations into quantitative terms. To progress 
in an investigation, scientists often devise ways of measuring 
what, at first, are qualitative properties. Thus acidity be- 
came controllable within narrower and narrower limits when 
methods for measuring acidity in terms of hydrogen ion 
concentration were devised. Understanding of heredity leaped 
ahead when Mendel went beyond mere observation of the 
kinds of offspring from experimental plants and counted 
the different kinds and noted their ratios. Even a child begins 
to quantify when he learns to ask “How much,” “How far.” 

Pursuing hunches and flashes of insight. The pursuit may 
take the form of search through literature, further observa- 
tion, and/or experimentation. The design of an experiment 
which answers questions, suggests explanations, or confirms 
them, involves a special phase of creativity associated with 
the scientific enterprise. The simplicity and elegance of some 
experiments can best be described as artistic. 

Synthesizing and modifying explanations. The extent to 
which scientists are satisfied with explanations depends on the 
degree to which the explanations are consistent with observed 
phenomena and with other explanations. The creative ability 
to “synthesize” theoretical but limited explanations into even 
more inclusive theory is a mode of scientific thought. It is 
one of the prime hallmarks of scientists. There is, for ex- 
ample, tremendous insight and power in the now famous 
formula of Einstein, E = me 2 . 

Making and testing predictions based on theory. The 
“strength” of a theory is reflected in the ability it often gives 
the scientist to predict the action of forces, the reactions of 
chemicals, and behavior of living organisms. Into this category 
fall the postulation of the existence of an unseen planet, the 
prediction of the properties of a specific chemical element, 
and the planning of the outcomes of genetic crossbreeding. 
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The verification o£ predictions provides some of the most ex- 
citing moments o£ scientists' lives. 

Communicating. Free communication is a basic character- 
istic o£ the scientific enterprise. Through formal and informal 
meetings and conferences, scientists exchange experiences and 
thought; through journals and books, they publicize their 
organized information and the sources and procedures which 
lead to the information. Mutual stimulation helps keep the 
scientific enterprise alive; from it often come deep and endur- 
ing friendships between people who live far apart geographi- 
cally and culturally. To many scientists, these friendships are 
among their most satisfying rewards. 

Instruction and Evaluation of Scientific Thinking 

To the extent that science teachers accept student growth 
in modes of scientific thought as a worthwhile objective, they 
will introduce changes in typical classroom procedure. Cur- 
rent practice places large stress on the learning of facts and 
principles of science, and the development of certain skills, 
including manual skills, as well as those related to observation 
of facts and verification of hypotheses. If the newer view out- 
lined above is valid, there should be increased attention given 
to the processes by which scientists develop knowledge. In 
accordance with the principle of student involvement in the 
learning process, young people should have experiences of 
participating in each of the modes of scientific thought so 
that they will understand them better and become more in- 
clined and able to use them effectively. However, as science 
teachers explore this educational frontier, several key issues 
become apparent: 

How can schools under present circumstances of sched- 
ules , methods , facilities and equipment , teacher prepara- 
tion, supervision, and class size develop student ability 
to use modes of scientific thought ? 

The modes of scientific thought given, as applied to the 
science classroom, in general represent individual student 
thinking. Ideally, this thinking should grow out of firsthand 
experiences and observations. Although the pursuit of 
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explanations may begin with individuals, a student team 
may eventually become involved. Seeking explanations re- 
quires a variety of reference works, some of which resemble 
the reports of scientists. Also required may be equipment and 
materials to provide further firsthand observations. Time 
limitation constitutes a severe hazard; curtailing the pursuit 
of explanations often dampens student enthusiasm for scien- 
tific inquiry. An attempt to provide students with these kinds 
of experiences poses many difficult questions: 

How much time is needed by students with various levels 
of ability and interest? 

llow can teachers be most effectively helped to develop 
modes of scientific thought within themselves? 

How can techniques of evaluating student status and 
growth in use of modes of scientific thought be im- 
proved? 

How can teachers determine the proper emphasis to give 
to modes of scientific thought in comparison with other 
objectives of science teaching? 

Science encompasses a vast array of fairly well-established 
explanations. These are the products of the work of scientists. 
This body of knowledge is part of man’s heritage, and youth 
should not be denied this aspect of culture. Explanations of 
the past are subject to constant re-examination and modifica- 
tion, while at the same time, new knowledge is being ac- 
cumulated. Attempts to help students understand a useful 
selection of scientific knowledge could easily consume all the 
time available for science instruction. It is also a worthwhile 
•experience for students individually to develop a real under- 
standing of the interrelationship existing between science and 
society, and to grow in their personal interests and in ap- 
preciations of science process and product. Because these 
other objectives of science instruction are also important, the 
problem of time allocation for students to have personal 
experiences in the process of science becomes a very acute one. 
What part should out-of-class opportunities play for the 
students who have been motivated to seek observations 
and explanations? 
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Instruction should include the same processes by which 
scientists develop knowledge and acquire skill. 
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Out-of-class activities can include extended work of a labo- 
ratory type and can develop skills in communicating with 
other youthful scientists. These represent modes of scientific 
thought which should be a part of the science experiences for 
all students. Can the classroom provide sufficient experience 
for the students who show high curiosity and other attributes 
of a developing scientist? Should such students be encouraged 
to write to and interview active scientists? Should teachers 
work with such students or should the students work with 
teachers on research-like projects? What kinds of reports 
should be encouraged for the budding scientist? How much 
should be done in class, in laboratory, after school, or at other 
times? What modifications, if any, should be made in science 
fairs and other exhibits in order to encourage and promote the 
development of scientific thought? What responsibilities 
should the organized teaching profession assume in providing 
out-of-school opportunities for science-motivated young peo- 
ple to experience scientific processes? 
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IMPLICATIONS TOR 
SECONDARY SCHOOL SCIENCE 



The Role of Science in the Secondary School 

In consonance with the foregoing analysis of the educa- 
tional and scientific enterprises, statements concerning the 
role of science in secondary schools should conform to the 
following criteria: 

Statements should be consistent with the nature of 
the scientific enterprise. In view of the opening pages 
of this report, particular attention should be given to 
the process and product aspects of science, and to the 
relationships of contemporary science with the society in 
which it exists. 

Statements should be consistent with the nature of the 
educational enterprise. In the perspective of the previous 
section of this report, they should' reflect education’s 
obligations to American society and to individuals, and 
should be consistent with modern interpretations of 
the learning process. 

• Statements should suggest course content and teaching 
procedures. General statements cannot be expected to 
define courses of study or to outline lesson plans; they 
should, however, provide a basis for challenging and 
productive discussion among teachers, administrators, 
and others interested in science education. While general 
statements cannot delineate all the knowledge, skills, 
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and attitudes which should be learned through .science, 
they should provide guidelines for the development of 
such specifics at the local level. 

Statements should be practical in terms of achievement 
and evaluation. The role of science in secondary schools 
should be sufficiently realistic that progress can be made 
toward the goals, and that achievement can be evaluated. 
One effective way to achieve this is to couch the state- 
ments in terms of student behavior — not in terms of what 
students know or think or feel, but rather, in terms of 
what they do. 

Outcomes of Science Education 

There are numerous ways in which the outcomes, of science 
education can be organized and phrased. The statements on 
these pages are phrased with an eye to simplicity and clarity. 
They are intended to be provocative, certainly not exhaustive, 
suggestive rather than definitive. The order is not intended 
to be indicative of their relative importance. The statements 
are certainly not mutually exclusive. 

„ i r T r As a result of science education, stu- 

Personal Use of , 

Scientific Thought dents should habltuall V a nd skill- 

fully employ sound thinking habits 

in meeting problem situations in the daily walks of life. They 
should exhibit reasonably mature attitudes related to toler- 
ance, curiosity, honest doubt, and the like. To do this, young 
people must have an understanding of, faith in, and direct 
practice with sound methods and attitudes of thought. 

There are many learnings in the form of knowledge, skill, 
and attitudes involved in this outcome of science education. 
For example: 

Students must have knowledge and skill in modes of 
scientific thinking, such as discriminating observation, 
formulation of hypotheses, organization of facts and 
ideas, quantification of observations, analysis and syn- 
thesis of facts, and development of conceptual models. 

Students must grow in acceptance oi : the attitudes 
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characteristic of science, as intellectual curiosity, respect 
for differences of opinion, thoroughness, intellectual ' 
honesty, and reliance on facts. 

Students must understand the use of techniques and 
tools of science, such as mathematical representation, ex- 
perimental procedures, communication of ideas, nature 
of evidence and of proof, and instrumentation. 

Students must understand the characteristics of scien- 
tific achievement, such as recognition and statement of 
problems, tentativeness of conclusions, predictive value 
of laws, continuous and cumulative productivity of 
knowledge, reliability of inference, and interdependence 
of scientific disciplines. 

Relations Between As 3 result of science education, stu- 

Science, Society, Tech- dents should recognize and accept 
nology, and Philosophy their P lace in a society which is 

largely scientific in character. They 
should be in the process of developing a personal philosophy 
based on truth, understanding, and logic, rather than one 
based on superstition, intuition, or wishful thinking. To do 
this, students must acquire a working concept of the relations 
between science and society, science and individuals, and sci- 
ence and technology. 

Among the knowledge, skills, and attitudes needed for the 
realization of this outcome are: 

Students must recognize that science is the process 
and product of human endeavor, that it is cooperative, 
international, intercultural, personally satisfying and 
that it flourishes in a climate of intellectual freedom. 

Students must understand the impact of science and 
technology on the culture of this and other societies and 
its relation to mores, family living, leisure time, stand- 
ards of living, health, and safety. 

Students must recognize the influence of scientific 
explanations on patterns of thought, including inter- 
group relations, religion, the status of mankind, and 
social responsibility. 
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Personal Interests and 
Appreciations Related 
to Science 



As a result of science education, stu- 
dents should develop and enjoy per- 
sonal interests, some of which are 
related to science. They should rec- 
ognize and enjoy some scientific aspects of their natural and 
man-made environment, and should appreciate and respect 
the efforts of those who have made the latter possible. To do 
this, students must have varied and pleasant experiences in 
activities related to science, and should know something of 
the development of science and of the people who have con- 
tributed toward it. 

Knowledge and skills and attitudes play an important part 
in the realization of this outcome. For example: 

Students must be made aware of occupational possi- 
bilities related to science, including the nature of the 
occupation, preparations required, need for personnel, 
financial and other rewards, and their own suitability 
for such occupations. 

Students must know of the avocational possibilities 
related to science, including their variety and availa- 
bility, the satisfactions to be derived therefrom, and their 
potentials and limitations. 

Students must know enough of the basic principles of 
science to recognize and appreciate the science involved 
in their natural and man-made environment, such as 
weather, geological phenomena, flora and fauna, astron- 
omy, agriculture, chemical synthetics, electric appliances, 
and modern means of communication and travel. 

As a result of science education, stu- 
dents should base their opinions, de- 
cisions, and actions on a reasonable 
background of principles and conceptual schemes in science. 
They should not only carry on sound thinking, they should 
have a fund of reliable knowledge with which to think. They 
should also be able to locate needed science information which 
is beyond the limits of personal memory. To do this, stu- 
dents must have adequate understanding of the broad gen- 
eralizations and conceptual schemes of science, as well as 



Personal Command of 
Scientific Product 
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Personal command in experiments contributes to early 
development and understanding of principles. 




some command of the more important factual knowledge in- 
volved in science. 

This type of knowledge itself is the heaviest contributor 
toward the achievement of this outcome. Except for the 
prospective specialist in science, skills usually play a rela- 
tively minor role here. The knowledge may be thought of as 
ranging from specific facts through principles, concepts, and 
generalizations, up through the broad and sweeping con- 
ceptual schemes which ramify throughout human experience 
and which clarify the underlying nature of the universe. In 
terms of content, scientific knowledge may be thought of in 
many patterns. The major criterion for the selection of a given 
pattern is that it shall make a properly balanced contribution 
to the recognized goals of science education and that it shall 
afford ample opportunity to demonstrate the interrelation- 
ships of process and product as described. 

There is a vast array of assumptions underlying the out- 
come of science education as outlined above, as well as a 
variety of inferences which may be drawn from them. 

The foregoing statements represent the role of science edu- 
cation in American high schools, phrased in terms of the 
kinds of behavior students should exhibit as a result of in- 
struction in science. These goals can be achieved by students 
who acquire a suitable pattern of knowledge, skills, and at- 
titudes, which are thus means to the ends. The appropriate 
knowledge, skills, and attitudes are only suggested on these 
pages. The development of these in detail at the local level 
constitutes a useful and educational activity for all involved. 

The outcomes here outlined are in terms of the science 
education for all students — that is, “general education” in 
science. Students who plan to specialize in science to some de- 
gree need this kind of education plus perhaps more specific 
background selected in terms of depth rather than breadth. 

Science education does have an obligation to serve not only 
individuals, as outlined above, but also society as a whole. It is 
assumed that society is served by providing it with a scientifi- 
cally literate citizenry and with technically prepared scientific 
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manpower in sufficient quantity ancl quality to serve what- 
ever needs and demands a society seeks. 

Science education’s responsibility to provide technically 
prepared scientific manpower is implicit in the purposes as 
outlined above. The greatest single step toward this goal 
is the preparation of a broad base of generally educated young 
people from which the pool of specially prepared manpower 
can be drawn. 

The fourth purpose, that related to knowledge, is both an 
end in itself and an indispensable means toward achieving the 
other three kinds of purposes. 

While there are many educational procedures which can 
contribute toward the realization of these outcomes, one key 
technique is that of getting students physically, emotionally, 
and intellectually involved in the learning process. 

Curriculum in Science 

In the broad sense of the word, the curriculum in science 
consists of all the learning experiences in science for which the 
school is responsible. This includes not only the required 
and optional courses in science, but also science clubs, science 
fairs, and any school, campus, bulletin board, or other such 
out-of-class activities as are related to science. It is evident 
that all such aspects of the curriculum help determine the ef- 
fectiveness of the science program, and that the underlying 
perspective of science education helps determine the cur- 
riculum. In this section, attention is confined to that aspect 
of the curriculum made up of scheduled science classes, and 
to the way those classes might be influenced by the perspective 
developed in the preceding sections of the report. 

Although the public school experience of young people 
is commonly subdivided into two (K-8 and 9-12) or three 
(K— 6, 7—8, and 9—12 or K— 6, 7—9, and 10—12) sections, the 
education of any individual is a single sequence of learning 
experiences. At its best, it is an organized sequence, planned 
for optimum results in terms of desired behavior patterns. 
Applied to problems of school administration , this means 
that science curriculum planning should have longitudinal 
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integrity — should be on a K-12 (or beyond) basis rather than 
fragmented into independent sections which correspond to 
the administrative structure of the school system. Accord- 
ingly, the over-all science curriculum should be planned on a 
K-12 basis, and the curriculum of the secondary school should 
be integrated with, articulated with, and dependent upon the 
elementary school curriculum. In this section, the secondary 
curriculum in science makes certain assumptions as to the 
character of the underlying elementary school program. 

Elementary School Science 

Within the past decade, tremendous strides have been 
made in elementary science education. The basic principles 
underlying this education have been crystallized and an 
eminently successful program of teacher orientation and 
training has been instituted. When viewed from the vantage 
point of the K-12 program, elementary science must make 
its contribution to the long-range, over-all goals set for science 
education. What might we expect from such an approach? 

Desirable Outcomes that a Sixth Grader Should Achieve 

Curiosity and enthusiasm. Youngsters come into elementary 
school teeming with curiosity and enthusiasm about science 
and nearly everything else. All too frequently in the past this 
has been dulled by ill-advised programs and ill-prepared 
teachers. It should instead be whetted by elementary school 
science experience to the point where youngsters enjoy par- 
ticipation in the scientific process at their own level. 

Habits of systematic observation. This observation should 
be freewheeling. Instead of giving students categories and 
names for them, teachers should let them make the classifica- 
tion themselves, finding their own bases for inclusion or ex- 
clusion with little steering by the teacher. Thus collecting 
becomes the basis of classifying, and vocabulary is introduced 
to name what is already perceived. Rocks or plants, for ex- 
ample, may be used to provide the material. 

A start on quantitative thinking and representation. This 
representation of data employs the arithmetic skills and 
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The early development, of habits of independent and in- 
vestigative systematic observation strengthens skills. 
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elementary graphing. Counting may be introduced in quanti- 
tative measurements, for instance, of population in successive 
generations or of weight of objects balanced by different num- 
bers of standard weights. Sequences in time and space can 
be graphed; for example, the number in population versus 
number of generations, weight versus age, etc. This procedure 
gives students samples of the idea that measurement is 
done by counting units-—a big “idea that travels” in the sense 
that it has wide and continuing application. 

Familiarity with modes of scientific thought. This can be 
obtained through experience with science as a method of 
inquiry and through varied and satisfying experiences in 
using these modes of thinking. Perhaps only the beginnings 
can be made by the sixth-grade level, as a rule, but the be- 
ginnings are indispensable foundations for further experiences 
along these lines. Certainly some additional research is in- 
dicated for the purpose of ascertaining children’s ability to 
use abstract patterns of thought at a given grade level. 

Knowledge of the development of science. This is not a 
matter of science history for its own sake, but rather a fa- 
miliarity with some of the historical and biographical inci- 
dents from science which provide a basis for acquaintance 
with understanding of and respect for the strategy and tactics 
employed in the scientific enterprise. 

Beginnings of a scientific vocabulary. When students have 
seen conceptual schemes through order and number and 
through learning about categories, the usual names are then 
appended to the concepts. No vocabulary term should be de- 
veloped without this relation to demonstrable categories. 

Desire for scientific explanation. This does not mean that 
students will have a deep understanding of science. What 
is involved is a beginning on the part of the students of 
generating explanations rather than repeating assertions. To 
obtain this goal, pat answers should be discouraged, and 
students should be rewarded when they search for regularities 
and for apparent casual connections. As they leave elementary 
school, they may already be coming to realize that certain 
techniques pay off in finding satisfying explanations. Evidence 
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of tills realization, too, is to be sought in their actions rather 
than any verbal formulas about how to get an explanation. 

Achievements such as these are not won by formulating 
general statements like “all measurement is counting units,” 
unless the students happen to do it themselves. This kind of 
generalization can be emphasized later. Here the basis of such 
Jatcr verbalization is laid in experience. The choice of ex- 
pericncc can be very free in detail; but it should emphasize 
the examples that will lead to “ideas that travel,” ideas of 

wide later use, rather than the minutiae of any special field 
of inquiry. 



junior High school Science 

Although all levels of science instruction are important, a 
reasonable argument can be made that in many respects 
junior high school science occupies what is truly a key 
position in the K-12 sequence. On a national basis, a larger 
traction of enrolled students take junior high school science 
than any other science course. For some, it is terminal science 
and this enhances its significance. The fact: that junior hi«h 
school science occurs during the highly formative years of early 
adolescence places it in an unusually strategic position. The 
scientific literacy of the average citizen of the future is de- 
termined largely during these years. It can well be said that at 
these levels, more than at any other, youngsters become ori- 
ented toward, or away from the product and process of science, 
either as prospective science specialists or lay citizens. 

With the direction of elementary school science in mind, 
the junior high school must correlate and extend the knowl- 
edge, skills, and attitudes that youngsters have acquired 
through their experiences in the lower grades. Students must 
also be brought into more intimate contact with the way in 
which a scientist goes about his work. This mandal.es a more 
formalized type of laboratory experimentation on the part of 
individuals and small groups under teacher supervision. 
While this may or may not involve a' special purpose labora- 
tory separate from the science classroom, it does require 
classrooms which are specially laid out and equipped with 
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the space, facilities, equipment, and materials necessary for 
such activity. 

The subject matter of junior high school science should 
cover all phases of physical and biological science and begin 
the identification of the special province of the areas of bi- 
ology, chemistry, physics, earth science, astronomy, etc. 

A further responsibility of the junior high school is to ex- 
tend the provisions for individual differences among students 
and, where possible modify the basic course for students who 
on the one hand have unusual interest and talent in science 
and on the other are in the category of slow learners. 

With elementary school science initiating progress toward 
the goals of an integrated K— 12 program, what can the junior 
high school graduate be expected to possess? 

Desirable Outcomes that a Ninth Grader Should Achieve 

A basic knowledge of the nature of the scientific enterprise. 
He should begin to understand the tentative, cumulative na- 
ture of scientific knowledge. He should have a healthy re- 
spect for the role of honest doubting and begin to recognize, 
and himself use, the elements of scientific process. At this 
point, he should be convinced of the observation-experimen- 
tation approach. He should recognize that though intuition, 
imagination, and chance may play a part in the scientific proc- 
ess, it is the interaction of these on the prepared mind that 
is in reality operating. This implies that the student will have 
developed his reading ability so that he can carry on self- 
initiated work and has been motivated to begin study in 
depth. He should be able to analyze problem situations and 
use impersonal criteria for making judgments about the 
relevant and the irrelevant, the warranted and unwarranted 
claims. The student should also be aware of the international 
nature of science and the central importance of unrestricted 
communication among scientists. He should be familiar with 
the language by which this communication is made possible. 

An increase in the mathematical , observational , and experi- 
mental skills. This necessitates a greater emphasis on labora- 
tory work in the junior high school than has been true in 
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the past. It calls for a familiarization and coordination with 
the new directions of junior high school mathematics, so that 
optimum use is made of the knowledge and skills which are 
achieved by the students at that grade level. 

Understandings related to the interrelations of science and 
society. Science is dependent on the social order and must 
have a large degree of autonomy to flourish. This indicates 
the need and desirability for public support of the scientific 
enterprise. In the other direction, society has become de- 
pendent on technological developments and scientific ways of 
thinking. Application can then be transferred to social prob- 
lems and human values. 

Increased understanding of the concepts and theories which 
describe and unify the fields of science. The junior high 
schools should continue to expand the dimensions of the 
pervasive ideas that were begun in the elementary school. 
These “ideas that travel” are a major criterion for the selec- 
tion of subject matter. Such concepts and theories as those 
relating to the struc‘ n >e of matter, ionization, bonding, en- 
ergy interchanges, and ne periodicity of the elements are ex- 
amples of these major ideas. Other criteria involve the selec- 
tion of those areas which increase the students’ understanding 
of the processes and products of science in keeping with his 
increasing maturity. 

Career opportunities. For those for whom the junior high 
school is terminal, as well as for those who go further in 
science, it becomes desirable for the junior high school to 
begin to point out the career opportunities available in scien- 
tific and technical fields now and in the foreseeable future. 
Something about the nature of the training required for 
success and the ways and means for evaluating one’s personal 
attributes, against the known requirements might also be 
included as part of the guidance program. 

Senior High School Science 

Science in the senior high school is frequently elective in 
character. Sometimes a year of such science is required for 
graduation; or it may be added as general biology. Specific 
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requirements by many colleges and universities now upgrade 
this sharply for students who are bent on higher education. As 
a result, some localities have instituted two years of manda- 
tory laboratory science at the senior high school level. 

Neither science nor the student’s ability to deepen his 
understanding of it stops at any time. Many students, how- 
ever, do not take formal courses in science after high school. 
The majority of students, therefore , should take a balanced 
program of physical and biological science courses as part of 
their high school education. These courses, however, are not 
“general science” courses in the usual sense. They should be 
physics, chemistry, physical science or biological science 
courses, earth science, astronomy, etc. To this degree, they 
are more specific than “general science” in subject coverage. 
On the other hand, they are not specific preprofessional 
education. The high school courses , therefore , in each of 
these disciplines should continue to stress the scientific process 
and the nature of the scientific enterprise. The techniques 
used should still be chosen primarily because they are a 
necessary part of the process of understanding at this level 
and not the narrow tools of a possible later vocational 
specialty. This does not mean that techniques in general must 
be shunned; it means that they should be subservient to the 
paramount requirements of science education laid down in 
the sections on the scientific enterprise and the purpose of 
science teaching. 

Most senior high school students should take at least two 
science courses. One should be in biology or the life sciences 
area, and one should be in the realm of the physical sciences. 
Some students should take more. The placement of students 
here should be based on counseling as well as on the student’s 
interest. Earlier performance in science courses should not be 
used as though it were an infallible guide. Some students who 
have not shown earlier interest or aptitude “get started” in 
high school, and their rising interest may even lead them to 
make up deficiencies in allied subjects, especially in mathe- 
matics. For those students who have taken at least one senior 
high school course in science and who want to go into more 
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professional detail in science, there should be opportunities 
for further experience. Experiments are now going on con- 
cerning several different ways in which this may be done by 
seminars, college visits, and special advanced courses. 

Capabilities, interest, and potentialities of students cover 
a wide range. This variability leads to a major problem in 
designing courses. Should there be several different courses 
in the same subject? Can courses be designed to provide for 
a common core of ideas and materials while leaving room for 
substantial differences in individual performance? Both di- 
rections should be explored. Each course should provide for 
individual variation, and it may be necessary or desirable to 
have two or more versions of a given course. 

The slow learner is probably more interested in the direct 
utility of science to himself. A course for him should perhaps 
place emphasis on technology, but should still be science- 
oriented in that it stresses process as well as product. The 
gifted student should be handled in special courses or on an 
individual basis. Such ability grouping is one solution to 
problems of individual differences, but not the only one. 
There is considerable evidence indicating that a very wide 
variety of students can follow the same general course, es- 
pecially when they can make some choices of their own as to 
how deep or how fast they can go. Also, the structure of a 
field of science is the same no matter who studies it; conse- 
quently, the notion of leaching completely different sets of 
ideas to different groups of students is unrealistic. Basic re- 
search work on the possibilities of pacing and of optional en- 
richment of the course should be undertaken for comparison 
with differentiated courses. 

The problem of how many different courses should exist 
tor the same subject is intensified by the rise in enrollment 
in high school science. Large classes sometimes make it diffi- 
cult for the teacher to handle the individual needs of students. 
More separate classes must be scheduled to handle these num- 
bers. The classes can then be differentiated if this seems de- 
sirable. At the present time there are numerous experiments 
being conducted which employ innovations in class size and 
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organization, and the techniques and potential of educational 
television are yet to be fully explored. 

The character of senior high school science continues a 
logical development which begins with elementary school 
science. Where elementary school science is more or less in- 
cidental and descriptive , junior high school treats science as 
a broad discipline. In the senior high school , science becomes 
increasingly specialized. Here students can use more quan- 
titative tools, both of measurement and representation. Large 
numbers of students can now use concepts from geometry and ‘ 
algebra and even the newer concepts of mathematics to get 
clear mathematical models. They can describe these ideas, 
these modes of scientific thought, as general concepts based on 
long exploration. Also with more extended work in a specific 
field, they sec “the ideas that travel” unifying their explana- 
tions. Biological evolution and the conservation law of mass- 
energy have meaningful extent, and students can intellectual- 
ize them and their significance without just parroting words. 
They can even get a sense of the frontiers of what is known, 
where things are uncertain, and where knowledge approaches 
complete certainty. 

In the high school course, real problems must be met out- 
side of “the book,” and students must design and carry out 
experiments. These experiments, however, need not be new 
original research. Otherwise the scientific process tends to lose 
its connection with the world of phenomena. Experience in- 
dicates that students often face problems and wrestle with 
them more successfully in the laboratory than in the class- 
room. In textbooks it is far too easy to find the answers rather 
than to search for them. The easy answers tend to be under- 
valued and quickly forgotten. Moreover, there are many sub- 
jects such as the behavior of waves and the laws of motion that 
can be taught effectively through laboratory experience but 
that are rarely, if ever, successfully taught by reading, discus- 
sion, and demonstration. The student must participate di- 
rectly in the experiment. Consequently the effective teaching 
of physics, chemistry, and biology at the senior high school 



level demands a laboratory, with adequate space, equipment, 
and related facilities. It may not be full of expensive modern 
apparatus, but it should give all students a real opportunity 
to work and learn through creative improvisation, observa- 
tion, and experiment. 

Many high school science laboratory programs are a sorry 
shadow of what they might be. In some cases, growth toward 
appreciation for, enthusiasm about, and understanding of the 
process of science is negative rather than positive. In general, 
high school science laboratory learning needs great improve- 
ment-, moreover, intense research leading to such improve- 
ment is sorely needed. 

An analysis of the present curriculum in science in the 
senior high school in the light of the content of this report 
indicates the following shortcomings: 

1. It is not predicated on an enlarged, continuous, and co- 
ordinated science program starting in the elementary 
and ranging through junior high school. 

2. It contains too much material in breadth and attempts 
to cover too many areas within any one discipline. 

3. It is not up to date and fails to give the students an 
adequate picture of science as it is practiced today. 

4. It lays undue stress on both content and technology at 
the neglect of the process goals. 

5. The laboratory experiences are not truly indicative of 
the nature and techniques of scientific discovery. 

6. There is considerable question as to whether present or 
“standard” courses realize optimum potential for in- 
creasing the level of sophistication of students and draw 
on the full extent of their intellectual resources. 

It is to these criticisms that the syllabus-makers of the fu- 
ture must address themselves. They will be called upon to 
select and organize materials so that their syllabi illustrate 
and are in consonance with the goals of the over-all science 
program. They must include the methods and concepts of 
modern science, while not neglecting the older concepts upon 
which the sciences lean for growth and progress. They must 



also include some of the newer concepts whose implications 
have had a far-reaching effect on the whole of modern science. 
Finally, the group must point out the direction of the subject. 

They must recognize also that a given course should not be 
encyclopedic in scope; that skills (and here is included skill 
in application of scientific modes of thought) are retained 
longer than facts and are more likely to be employed in new 
situations. A judicious selection of content areas must be made 
so that a useful combination of facts and skills will eventuate. 

Perhaps the most challenging problem is that of indicating 
suitable laboratory work. In implementing the goals of the 
program, laboratory experience assumes a most important 
role. Care must be exercised, however, to develop laboratory 
experiences that parallel, at the student level, the research and 
discovery aspects involved in the work of the practicing sci- 
entist. The laboratory should provide prime reinforcement 
of the skills and techniques developed in the course. 

Responsibility for Curriculum Development 

Many diverse groups, some of them well-organized and 
well-financed, have assumed a measure of responsibility for 
the development of the curriculum in secondary science. It is 
gratifying to see such a widespread base of interest and con- 
cern over such an important problem as the science curricu- 
lum. The basic research scientist, the technologist, and the 
science educator, each operating from a different viewpoint, 
can, through joint effort, establish clear-cut aims and ob- 
jectives for an improved science program in schools. Such a 
group can also indicate the unanswered questions involved 
in a K-12 program, as well as point out paths of exploration. 

However, the task of translation of strong, but general 
guidelines into a science education program is not one pri- 
marily for professional scientists and technologists. Program 
development should be the responsibility of the science edu- 
cator at local levels-— state, county, district, and classroom. 
The wise use of advisory committees, concerned with local 
needs but aware of the national interest, can facilitate the 
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program of the science educator. Although science educators 
want and need all the help and advice they can get, the ulti- 
mate responsibility for the science curriculum is theirs. Cur- 
riculum development must involve those who ultimately have 
the responsibility for its implementation. 

Particularly during the past few years, there has been in 
creasing national concern over science education in public 
schools. Many suggestions have been made about it; and 
several courses, syllabi, and curricula have emerged at the 
national level. These provide an important basis for local 
curriculum construction. 

I he Physical Science Study Committee course in physics 
combines textual materials, laboratory, and films in a single 
modern course. The Biological Sciences Curriculum Study is 
at work on the materials for a sequence or thread of biology 
learning from kindergarten through high school. The Science 
Manpower Project of Teachers College, Columbia University, 
has published several booklets concerning secondary school 
science. Preliminary versions of several new chemistry courses 
are being tried out experimentally this year. A source book 
loi geology and the related earth sciences has been prepared 
under the guidance of the American Geological Institute. 
Similai course and curriculum improvement work is going on 
in mathematics. Many new state and city syllabi arc available 
covering the field of science and the related mathematics. The 
American Association for the Advancement of Science tries 
to keep an up-to-date list of the major projects. 

No curriculum can relieve teachers and administrators of 
their basic responsibilities. In addition to determining the lo- 
cal curriculum, they must see that the facilities for instruction 
are adequate. Administrators, must also be responsible for a 
favorable environment. They must act as the liaison, and 
when necessary as the buffer between science teachers and the 
public. I cachcrs must be free to modify preconceived proce- 
dures to take advantage of special opportunities. This does 
not mean that teachers may ignore established goals. In any 
good course, however, they have latitude to stimulate apt 
students and time to help slower learners with their problems. 
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7 eathers must use judgment; no syllabus ; no course , no cur- 
riculum ca?i do that. 

Finally, since curriculum development is a dynamic process 
and must never be static, the curriculum should always be in 
process of revision leading to modernization, refinement, and 
enrichment, furthermore, since the science curriculum rcprc- 
sents only one segment of the total education of young people, 
it should be developed in close relationship to other curricu- 
lum areas in the school. 

Needed Research 

I he entire area of the science curriculum is one in which 
basic research is sorely needed. Too little is known about the 
readiness of students for different concepts. More must be 
learned about the dependence of readiness on age, on back- 
ground, and on the type of presentation employed. Further- 
more, there is need for a better basis for counseling students 
and for more knowledge about the possibility of handling a 
variety of students by appropriate course design. To what ex- 
tent can individual differences be handled by letting students 
penetrate to different depths and take side excursions if they 
outrun a common core? Careful studies must point the way. 

In designing a course or a sequence of courses, science edu- 
cators must select concepts that explain much, concepts that 
make further learning easier. Science experiences should be 
developed to help students learn how to learn. But very little 
research (in comparison with the need) has been done to iden- 
tify the methods and examples that promote this important 
kind of transfer. 

A vital part of all these tasks is the problem of evaluation. 
To distinguish a better course from a less effective one, im- 
proved educational measurements must be developed. The 
identification of general objectives is necessary but not suffi- 
cient. The same thing applies to the total science program. 
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IV 

IMPLICATIONS FOR 
ADMINISTRATION ANI) SUPERVISION 
AND TEACHER TRAINING 



The Role of Administration and Supervision 

The ultimate function of administration and supervision 
is to provide the best possible conditions for teaching and 
learning. Two important aspects of this function are the re- 
sponsibility for assisting the teacher in directing the learning 
process for maximum benefit to the learner, and the respon- 
sibility for providing adequate classroom facilities and equip- 
ment. Many of the problems facing secondary school science 
education are rooted in part of the functions of school ad- 
ministration and supervision. Attention is now given to the 
responsibility of school administration in the area of science 
education, in the light of the nature of the scientific enter- 
prise and the nature of the educational enterprise. 

Just as it is the responsibility of the science teacher to keep 
abreast of the educational and scientific advances in his field, 
so it is the obligation of the alert administrator to be informed 
concerning the latest movements in the field of science edu- 
cation, for it is only by this means that he can make con- 
sistent and proper judgments. lie can acquaint himself with 
these developments and demonstrate an active interest in 
them by attending conferences, reading current literature in 
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science education, and by discussing suggested innovations 
with supervisors and teachers. Such interest shown by the 
school administrator creates a stimulating atmosphere for all 
concerned and, curiously enough, the interplay of ideas in- 
volved in making judgments calls for the application of the 
self-same scientific ways of thinking that arc featured so prom- 
inently in this report. When the administrator understands 
the problems and directions of science teaching, he can direct 
the works of those in his charge. 

Inasmuch as effective science teachers are the core of an 
effective science program, principals and supervisors and 
others who share responsibilities for science programs should 
assist in making the selection and placement of science teach- 
ers. If they are cognizant of the needs of the program, they can 
make their selection with confidence, and if necessary, plan 
for the in-service growth and development of such teachers 
from the very beginning. 

Administrators must make provision for the teacher to 
concentrate on his primary job— instruction. The teacher 
should be freed, to whatever extent is possible, from the quasi- 
educational duties which can be handled by clerks and as- 
sistants. Particularly is this true of the science teacher. In a sci- 
ence teaching program, the instructor spends considerable 
time and effort in preparing, storing, and stocking materials 
for use in laboratory experiments, and planning meaningful 
courses. Often, the science teacher is handicapped in giving 
full time to this work because of the demand from other non- 
science activities. 

Science teachers need the sympathetic cooperation of both 
administrators and supervisors. They need encouragement in 
using effective modern methods in teaching; they need the 
freedom to experiment with new methods; they need ac- 
quaintance with the nationwide experimental programs re- 
lated to content and method in the science teaching process; 
and finally, they need provisions for keeping up with science 
itself, as well as for association (on a national, state, regional, 
and local level) with the professional workers in their field. 



Administrators and supervisors must thus keep themselves 
fully aware and well informed with respect to changes in the 
science education program. 

Time for Science 

Throughout the year, today’s school administrator is called 
upon to exercise the wisdom of Solomon when he deals with 
the competition for curricular time. Each subject-matter area 
has its own reasons and justifications for seeking any addi- 
tional time in the curriculum. There is rather wide diver- 
gence throughout the country in the matter of the time al- 
lotted to science. One fact, however, is certain. The time 
devoted to science is significantly increasing at all levels. 
Particularly is this true of the elementary and junior high 
school levels. In the secondary school, optimum results appear 
when the science time allotment enables the student to par- 
ticipate in an unhurried, extended period of laboratory work 
and five or more periods per week of demonstration, addi- 
tional laboratory, discussion, and recitation. It is becoming 
increasingly apparent that to achieve the goals set for science 
education in the secondary school, five forty-minute periods 
per week are woefully inadequate. 

Any attempt to promote optimum learning in science, as 
in teaching all other fields, runs into the problem of student 
grouping. The decision whether to group and the task of 
grouping and placing pupils should involve the cooperative 
effort: of administrators, supervisors, guidance personnel, and 
teachers. Together they must evolve the criteria that are to 
be employed. 

Providing for Ability Differences 

Consideration should be given to all pupils who possess spe- 
cial talents or abilities. Study of this problem will involve all 
school personnel. While the goals suggested in this report apply 
to all levels of ability, those for the science-talented have differ- 
ent emphasis. The administrator and supervisor must accept 
the responsibility for formulating the course of study for the 
talented. This generally involves provision for additional 
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elective courses which themselves must contribute to the goals 
of secondary school science. Regardless of the action taken, 
however, a sincere attempt must be made to interest the 
student talented in science and to assure that this interest 
is not snuffed out by educational malpractice. 

Facilities and Materials 

Since this report places considerable stress on the processes 
of science as well as the product, the materials of science be- 
come a sine qua non of the teaching of science . 1 So important 
are the physical facilities and the instructional materials used 
by science teachers, and so frequently have they been poorly 
selected or inadequately provided that an extended discussion 
will be of considerable value to the administrator and super- 
visor whose responsibility encompasses these areas. 

Planning for Facilities and Materials 

To be most effective, science education facilities and ma- 
terials must be planned at the local level, well in advance, 
and with such outside expert assistance as may be available. 
The planning should be a cooperative effort of the teachers 
who will use the facilities, the school administrators who ad- 
minister the funds, and the competent architects and con- 
sultants with broad experience in school planning who also 
are familiar with the special needs of science education. Each 
science has special needs, such as proper ventilation for the 
chemistry laboratory and a growing area for biology. Never- 
theless, there are some facilities and utilities which can be 
used in common by all of the sciences, such as tables and space 
for individual work by the students, storage and maintenance 
areas, teacher demonstration desks, and electricity and other 
supplementary services. 

The matter of safety is of great importance in science work- 
rooms. The layout should be such that the area can be 
quickly evacuated in the event of accident. This is especially 

1 No'ih: The National Science Teachers Association lias undertaken a major 
national study of science facilities to determine tiie physical setting and tools 
needed for school science programs from kindergarten through junior college. 
Results of the study will be reported in the 19G1-62 school year. 
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true of chemical laboratories. Provision should be made for 
providing first aid and on-the-spot control of small fires. 

Proper planning should reflect the dynamic character of 
the sciences and their interrelationship with the total edu- 
cational enterprise. For example, consideration should be 
given to space for individual student projects above the nor- 
mal course requirements, areas for supplemental reading, 
study and writing of experiments, rooms for small group dis- 
cussions and for the use of supplementary educational aids 
such as film projectors, and facilities for the storage and ex- 
hibition, of special materials such as atomic and molecular 
models, biological specimens, mineral collections, maps, 
charts, and frequently used reference books. 

Selection and Acquisition of Equipment and Materials 

The selection of instructional equipment and materials is 
’ primarily the professional responsibility of the science teacher 
acting in conjunction with the supervisor and administrator. 
This responsibility demands competence on the part of the 
teacher in subject matter so that he knows what he needs and 
can evaluate descriptive literature and judge the quality and 
limitations of the products. Such competence is vital to in- 
sure that the best use is made of available funds aqd that the 
equipment and materials will be effectively used in the in- 
structional program. 

School administrators should make every effort to under- 
stand the science teachers’ problems of needing special de- 
vices and of finding time to use them most effectively. Ad- 
ministrators have the responsibility of budgeting adequate 
funds for science teaching facilities and materials. Further- 
more, they should see to it that science teachers have time for 
gathering information on prospective purchases and should 
give every possible assistance in handling clerical and simi- 
lar details of selecting and ordering equipment and supplies. 

Careful consideration should be given to the popular prac- 
tice of having teachers and students improvise and construct 
instructional materials in science. When new devices are be- 
ing developed, of course, this is a necessity. Furthermore, 
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Information on new devices in teaching are coordinated 
through cooperative efforts of industry and education. 
John N. Shine , Director of Education and Training , 
Bell Telephone Laboratories, demonstrates and dis- 
cusses aspects of wave behavior in the high school lab- 
oratory using specially built torsion wave machines. 
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there is much learning potential in properly guided, impro- 
visation, construction, and repair of materials for • teaching. 
On the other hand, the economies in "terms of funds and par- 
ticularly in terms of teachers’ time are seldom worthwhile. 
Teachers and students alike have more important things to 
do than to carry out an ineffective and time-consuming chore 
of making materials when much more effective instructional 
aids are commercially available. 

Maintenance of Equipment and Materials . • 

There should be = a strong administrative policy stressing 
the importance of adequate storage rooms, convenient facili- 
ties for repair of apparatus, and in general the economical 
aspects of keeping equipment in good working condition. An 
up-to-date, or perpetual, inventory system ought to be em- 
ployed. There is a mutual responsibility for teachers and ad- 
ministrators in the maintenance of equipment and materials 
and in insuring that the devices are in safe working condi- 
tion. For example, safety hazards may arise from improperly 
functioning electrical equipment and from some chemicals 
that have deteriorated in storage. To provide time for the 
teacher to meet this responsibility, the use of properly trained 
laboratory assistants should be encouraged. Periodic check-ups 
by supervisors and other administrators should be scheduled. 

Library Facilities 

Library problems obviously refer to the “school library.” 
Book purchase guides are available, but science teachers 
should be consulted before blanket purchases are undertaken 
by librarians. The school library should have a science section 
including encyclopedias and reference books, a range of re- 
source books extending from early adolescent level through 
college level, books concerning the history of science, general 
scientific periodicals, hobby aids, handbooks, and the like. 

Another important aspect of library services is the “local 
collection” placed within the science teaching area of the 
school. This locally available material has distinct advantages 
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in motivating students and teachers to look beyond the text- 
book, and in facilitating reference efforts for laboratory ac- 
tivities. 

Supplementary Resources 

The instructional program should determine the need and 
extent of use of science materials and equipment. To main- 
tain consistency with the goals of science education implies 
availability and use of a wide range of supplementary re- 
sources such as reference books, periodicals, charts, models, 
tools, films and filmstrips, and similar instructional devices. 
Provision should be made for evaluation and efficient use of 
industry-sponsored materials. 

Professional journals should continue, and perhaps expand, 
reviews of teaching aids, including equipment, books, and 
other materials for science instruction. Teaching guides, 

- laboratory manuals, and similar text-type sources provide 
useful information and should be readily available for teacher 
use. Consultant assistance from educational organizations, 
local, regional, and national departments of edycation, scien- 
tific societies, industry, md institutions of higher education 
should be used to supplement local teacher and administra- 
tive planning for effective design and use of school buildings, 
facilities, equipment, and materials. 

Improved use of materials and equipment depends on con- 
tinuous development and application of new ideas. Such ac- 
tivity should continue to be encouraged through such pro- 
grams as the Science Teacher Achievement Recognition 
(STAR) awards program of the National Science Teachers 
Association, the new equipment committee of the American 
Association of Physics Teachers, and the tested demonstra- 
tions of the Division of Chemical Education of the American 
Chemical Society. Research is needed to develop new equip- 
ment and evaluate the effectiveness of existing equipment. 

Professional organizations should assume responsibility for 
keeping science teachers cognizant of new developments in 
materials, equipment, and facilities. Such publications as the 
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Excellent facilities for classivork and research enhance 
student interest and efficiency. Science laboratories at 
St. Mark's School, Southborough , Mass. - 



NSTA School Facilities for Science Instruction, Recom- 
mended Boohs for High School Libraries by tie American 
Association for the Advancement of Science, the Council of 
Chief State School Officers Purchase Guide for Programs in 
Science, Mathematics and Modern Foreign Languages, and 
others are valuable and should be periodically revised. 
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AND TEACHER PREPARATION 
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The development and maintenance of an effective program 
in science education requires highly qualified teachers. How- 
ever, the statement becomes useful only when . the word 
| “qualified” is made meaningful and operational. Accordingly, 

one of the groups of problems confronting secondary school 
science today is concerned with three related areas: 

What are the patterns of behavior which are character- 
istic of highly qualified science teachers? 

What kinds of experience contribute toward the develop- 
ment of these highly qualified science teachers, and 
toward the maintenance of their competence? 

\ How can administrators identify, encourage} and reward 

excellent science teachers? 

' Some Characteristics of an Effective Science Teacher 

fr 

l The teaching patterns of good science teachers may vary 

i considerably. There are, however, . common characteristics 

f which are identifiable in terms of what such teaching provides 

| to the students, and they may be couched in terms of what an 

f analysis of the scientific and educational enterprises implies. 

| Being aware of implications found in either enterprise, each 

| individual may contribute. The effective science teacher: 

I 

I?. 

j 59 

\ 

fs 

if * 

i 

I 




% 

/.I 




P> 



3 

ERIC 



Provides students with opportunities to identify and 
solve problems related to science learning (as contrasted 
to merely telling students how scientific information, is 
acquired). 

Provides his students some experiences with the un- 
verified and hypothetical (as contrasted with only the 
relatively certain). 

Gives his students opportunities to select and construct 
equipment, to develop experimental procedures, and to 
design (as distinguished from the “laboratory manual” 
method). • 

Devotes proper attention to limitations of measure- 
ment and observation and, hence, to the tentativeness of 
conclusions (as distinguished from presumed finalities). 

Provides students opportunities in developing general- 
izations for themselves (as contrasted with handing them 
out or dictating them). 

Emphasizes the development of generalizations (as dis- 
tinguished from the mere memorization of discrete facts). 

Helps students develop true understanding of gener- 
alizations by broad and numerous applications and illus- 
trations (as contrasted to contentment with verbal fa- 
cility). 

Permit's and encourages students seriously to explore 
questions of interest to them whether or not these ques- 
tions are directly related to the logic of the course (as 
contrasted with confining everyone to the same learning 
. sequence). 

Is selective and creative in the learning experiences 
he employs in the light of the maturity and intellectual 
ability of his students (as distinguished from a formal or 
routine following of a text or course of study). 

Insists on standards of performance at least slightly 
above those which evidence indicates his students are 
capable of (as contrasted with aiming his instruction at 
the average student). 

Transfers the responsibility for the learning process 
from teacher to student by training the student in the 
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Secondary school science teachers learn basic principles 
>f genetics -from research scientist, Michael Potter. 
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processes and mechanics of self-initiated learning (as con- 
trasted to continually. leading the student by the hand). 

Makes evident to. his students his conviction that sci- 
ence, generally and in particular, is a matter of supreme 
• importance and satisfaction to him (as distinguished from 
the appearance of being noncommittal or dutiful). 

Consciously provides guidance for his students, help- 
ing them to identify and meet their own learning goals 
and their own occupational goals (as distinguished from 
merely helping them learn science and leaving guidance 
functions up to counseling specialists or to the students). 

Preparation of Science Teachers 

U effective science teachers are characterized by patterns of 
performance such as those above, what kinds of preparation, 
both pre-service and in-service, can insure these qualities? 
The type of teacher preparation that stems from the very na- 
ture of the. scientific enterprise indicates the following: 

Knowledge of Subject Matter. The verb “to learn” is 
transitive and as such must take an object. There must be 
something or things that the student learns. Unless that 
thing is worthwhile, relevant to* the student’s environ- 
ment and to his future, and representative of no less than 
, the best current thought, the entire process is of no value. . 
Teachers , therefore, must have good command of sub- 
ject matter. They must possess a broad background in 
science and mathematics with depth of specialization in 
at least one or two major fields. They must be expected 
to exhibit the high standards of scholarship and per- 
formance which contribute so much to the production of 
outstanding teachers. 

With proper mastery of content and an understanding 
of the role that content plays in science education, the 
flexibility and value of the teacher thus is enhanced. A 
teacher can enjoy the confidence of being able to pur- 
sue whatever direction student interest or the dictates of 
the moment may lead him; and he can effective v par- 
ticipate in the dynamic process of curriculum building. 
If the science teacher is to teach with equal facility both 
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the process and product goals of science, he must himself 
experience these concepts .in the science courses com- 
prising his pre-service training. 

History and Philosophy of Science. The teacher must 
have contact with the history and philosophy of science 
as a means of understanding how ideas and scientific ex- 
planations have developed. This will lead to an apprecia- 
tion of the human element in scientific investigation and 
will enhance his understanding of the process goals, as 
well as the tactics and strategy of science. 

Relation of Science to the Whole of Human Knowl- 
edge. Like any other teacher, the science teacher needs a 
liberal education with all this term implies. He should 
be afforded an opportunity for study in the arts and hu- 
manities, thereby enabling him to set science in proper 
perspective in relation to other areas of ki owledge. 

Work with Science in Action. Scientific horizons are 
expanding so rapidly that the “once qualified” does not 
mean the “forever qualified.” As part of his continuing 
in-service growth, the science teacher owes it to himself 
as well as to his students to keep abreast of the happen- 
ings and discoveries in science — processes as well as prod- 
ucts, understandings as well as facts, theories as well as 
technology. This can be accomplished through member- 
ship in scientific societies, visitation to research and field 
activities, enrollment in college or graduate level courses 
in advanced science, systematic study of books and jour- 
nals, attendance at conferences, development of hobbies, 
and even through on-the-job research. He must also con- 
tinue to develop in the area of manipulative skill. 

By the very nature of the educational enterprise the 
preparation and in-service development of teachers indi- 
cates the following: 

Continuing Development of Skills and Techniques in 
the Teaching Process. The pre-service training of teach- 
ers should provide opportunity to learn and practice, 
under suitable supervision, the skills and techniques 
which form the vehicle of the teaching process. At this 
stage, techniques of critical self-evaluation should be 



built into the teacher’s philosophy so that the develop- 
ment of these skills will continue through the in-service 
period and will be retained. 

Knowledge of Psychology and the Learning Process. 
So that he can effectively assess and assure proper im- 
pact and efficiency of his method and content on the stu- 
dent, the teacher should have a working knowledge of 
the basic psychology operating within the youth with 
whom he deals. He must also be familiar with what psy- 
chology knows concerning the nature of the learning 
process and the reaching to examine the basic assump- 
tions and rationale underlying the process. 

Coniact with Education in Actio:, and the Results of 
Educational Research. Teachers should have an oppor- 
tunity to observe outstanding co-workers in action and to 
practice and perfect their teaching skills. The neophyte 
should have an opportunity *o examine critically the 
work of his superior teacher; while at the beginning stage, 
intervisitation should be encouraged. 

Properly motivated, competent supervision is the 
birthright of every teacher. It is by such supervision that 
the improvement of instruction is most efficiently carried 
out and desired results obtained. 

The process of in-service improvement can be effected 
by encouraging the teacher to become actively affiliated 
with professional organizations, attend conferences, reed 
extensively in science education, and enroll in in-service 
training courses and summer institutes. 

Although the activities of in-service preparation such 
as those listed above are primarily the responsibility of 
the teacher, there is much that school boards and admin- 
istrators can do to encourage such effort. They can pro- 
vide flexibility. 

Identification and Recruiting of Science Teachers 

It is not enough to be able to prepare good science teachers. 

It is also necessary to recognize them where they are and, in 
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these days of science teacher shortage, to encourage promising 
young people to prepare, themselves for this profession . 2 

One of *he tools for screening prospective science teachers 
is the system of certification which is, in one form or another, 
characteristic of each state’s teacher selection pattern. 

Because of the rapid changes in both the scientific and the 
educational enterprise during the past decade, the certification 
requirements for science teachers in the secondary school 
should be reviewed and evaluated. The background prepara- 
tion of a science teacher must include sufficient general edu- 
cation to insure an understanding of and an appreciation for 
the culture of which he is a part and its interrelationship with 
the scientific enterprise. 

Jt should involve breadth and depth in the science areas 
taught as well as the necessary methods to insure effectiveness 
in the classroom. Certification requirements for secondary 
school science teachers need not necessarily be stated in pre- 
cise quantitative terms; more important are qualitative re- 
quirements which specify the minimum competency desired 
in both education and science areas. Recommendations for 
the preparation of high school teachers of science, such as the 
report of the Subcommittee on Teacher Certification of the 
American Association for the Advancement of Science and 
the Joint Commission of the American Association for the 
Advancement, of Science and the American Association of 
Colleges for Teacher Education should be carefully studied 
by the departments of education in the several states and by 
teacher education institutions. Similar studies should be ini- 
tiated in the professional education area to identify those 
courses which most effectively contribute to the development 
of capable science teachers. All courses contributing to the 
education of teachers should be re-evaluated in terms of their 
contribution to the production of qualified science teachers. 

Statft certification requirements, college and university 
paduation standards, no matter how ideal, will not result in 
improved science teaching in secondary schools unless: 
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Administrators assign science teachers to areas in which 
they have necessary background preparation and other es- 
sential competence. 

Teachers currently teaching science courses without 
adequate science training are compelled to obtain the 
necessary qualifications, or are replaced by qualified sci- 
ence teachers. 

Adequately trained science teachers are given the op- 
portunity and the incentive to maintain and increase 
their competence. , 

Faced with the powerful appeals the enterprise of Science 
offers to any people, one way to attract and hold Science teach- 
ers is to create a situation in which they can combine the satis- 
factions of teaching with actual participation in the enterprise 
of science. A wise investment of school funds would be the 
purchase of materials and equipment and the provision of the 
time necessary for the teacher to explore in his own field of 
special interest. Cannot these same forces which motivate the 
science teacher and scientist be used to arouse interests among 
science students? 

‘Other factors which would contribute to the recruitment of 
science teachers and hold those already in the profession 
include: 

Time for science teaching. Freedom from assignments 
which are unrelated to the science training. 

Salaries that are competitive. Schools should be able 
to compete favorably with other positions in the science 
enterprise. 

Adequate materials and equipment. Essential to actual 
utilization of the methods and processes of science in the 
classroom. 

Community and professional respect and esteem. Re- 
ward for which science teachers will be willing to strive. 

The total area of science teacher performance and prepa- 
ration involves much uncertainty and often conflict of opin- 
ion. One of the reasons is that much of the knowledge of this 
area is uncertain; in some cases, the surface has barely been 



scratched. Among the issues in which research is sorely needed 
are these: 

Improved patterns of pre-service experience conducive 
to the preparation of good science teachers. 

Means through which' science-competent persons can 
be helped also to become competent science teachers. 

Students’ relation with and impressions of their teach- 
ers’ adjustment, satisfactions, and enthusiasms for their 
subject. 

The influence of the means of mass communication on 
the public picture of the science teacher. 

Effective evaluation instruments for the identification 
of potentially good science teachers. 

Conclusion 

In sum, an attempt has been made to focus on the whole 
range of problems which relate to the secondary school science 
program. It is hoped through this effort to give embodiment to 
ideas or activities that may serve to inspire or initiate action 
for the recognition and successful solution of our dilemma. 

If the dangers of passivity and complacence are to be over- 
come, we must constantly arouse ourselves to examine, evalu- 
ate, and nurture all segments of the scientific and educational 
enterprises and their ejects on the individual and society. The 
task is one which belongs, not only to the teacher, the educa- 
tor, and the scientist, but also to the individual who dares to 
examine the problems, overcome the obstacles, and sustain 
the burden of uncertainty and risk until new insights and 
remedies can be achieved. 
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